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ABSTRACT 

A program d e c i s i o n  was made r e c e n t l y  t o  c r y o g e n i c -  
a l l y  p r o o f  t h e  S- I1  LH2 t a n k  t o  35.7 p s i g  f o r  a l l  manned 
flights. T h i s  t e s t  r e q u i r e s  a minimum o f  new harclware and  
i s  a c t u a l l y  s a fe r  from a s t r e n g t h  o f  mater ia l  p o i n t  o f  view 
t h a n  t h e  p r e s e n t  35 p s i g  room t e m p e r a t u r e  pneumosta t  t e s t .  

T h i s  t e s t  w i l l  p roof  t h e  t a n k  t o  a l l  t h e  f l i g h t  
l o a d s  e x c e p t  t h e  d e s i g n  wind l o a d s .  Recent  e v a l u a t i o n  o f  
S a t u r n  V d e s i g n  wind l o a d s  have shown t h a t  s i g n i f i c a n t l y  
lower  wind l o a d s  a re  e x p e c t e d  w i t h o u t  any r e s t r i c t i o n s '  on 
t h e  p r e s e n t  95% l a u n c h  c a p a b i l i t y .  The c r y o g e n i c  p r o o f  
t e s t  w i l l  e n v e l o p e  f l i g h t  loads up t o  61% o f  d e s i g n  wind 
l o a d s .  

(NASA-CR-93601)  THE R E L A T I O N  OF I N - F L I G H T  
L O A D S  TO THE 5-11 CRYOGENIC PROOF TEST 
[Bellcornla, Inc,) 12 p Unclas  

- 
. -  

--- I 
It'ACakb) (COPE) 

rg 
6 (NASA C R  OR TMX O'R AD NUMBER) 
z 

(CATEGORY) 

U u. 



\ BELLCOMM. INC. 
1100 Seventeenth Street, W.W. 

SUBJECT: The R e l a t i o n  of I n - f l i g h t  Loads Februa ry  9 ,  1968 

Washington, D. C. 20036 

t o  t h e  S- I1  Cryogenic  Proof  T e s t  
Case 3 2 0  FROM: R .  E .  Hun te r  

MEMORANDUM FOR F I L E  
7 

I .  I N T R O D U C T I O N  

Recent  c a l c u l a t i o n s  o f  S a t u r n  V b o o s t  l o a d s  have  shown 
t h a t  t h e  d e s i g n  wind l o a d s  are c o n s e r v a t i v e  and t h a t  s i g n i f i -  
c a n t l y  lower  i n - f l i g h t  wind l o a d s  are e x p e c t e d .  The l o w e r  
v a l u e s  o f  t h e  e x p e c t e d  l o a d s  on t h e  S - I1  LH t a n k  s i g n i f i c a n t l y  
r e l a x  t h e  flaw s i z e  t h a t  must b e  de t ec t ed  by i n s p e c t i o n ,  J.n 
t h e  absence  o f  a c r y o g e n i c  p r o o f  t e s t ,  t o  g u a r a n t e e  s t r u c t u r a l  
r e l i a b i l i t y  from a f r a c t u r e  mechanics  viewp.Tint.  I n s u f f i c e n t  
e x p e r i v e n t a l  data  e x j  s t  t o  d e f i n e ,  w i t h o u t  c o n t r o v e r s y ,  t h e  
maximum a l l o w a b l e  f l i g h t  l o a d s  t h a t  would a l l o w  f r a c t u r e  
mechanics  t o  p c l r a n t e e  s t r w c t u r a l  i n t e g r i t y  a f t e r  t h e  p r e s e n t  
35 p s i g  room tem?erature pneumosta t  t e s t .  

2 

A l i q u i d  hydrogen  proof '  t e s t  o f  t h e  LH2 t a n k  f o r  
d e s i g n  l o a d s  i s  t o o  d i f f i c u l t  t o  b e  a D r a c t i c a l  progran? a i -  
t e r n a t i v e ,  i f  n o t  a c t u a l l y  i m p o s s i b l e .  The r e d u c e d  (2nd  mcre 
r ~ s 1 . i s t i . c )  expectec!  l o a d s  make a c r y o g e n i c  p r o o f  t e s t  a 
r e a s o n a b l e  and a t t r a c t i v e  program d e c i s i o n .  

A f r a c t u r e  mechanics a n a l y s i s  o f  t h e  S-I1 s t a g e  LH2 

t a n k  l eads  t o  conce rn  abou t  c r a c k s  i n  t h e  w e l d  p l a n e s  t h a t  
can  s u r v i v e  t h e  room t e m p e r a t u r e  p r o o f  t e s t  and s t i l l  c a u s e  
f a i l u r e  d u r i n g  f l i g h t .  The s i g n i f i c a n t  component o f  t a n k  
s t r e s s  t h a t  can  c a u s e  r e l a t i v e l y  s m a l l  c r a c k s  t o  f a i l  i s  t h a t  
component o f  s t r e s s  normal  t o  t h e  p l a n e  o f  t h e  c r a c k ,  A 
t h o r o u g h  knowledge o f  t h e  f l i g h t  l o a d s  t h a t  p roduce  t hese  
s t resses  i s  n e c e s s a r y  before  one can  r e a s o n a b l y  e v a l u a t e  t h e  
program impact  (as  w e l l  a s  t h e  s t r u c t u r a l  impact )  o f  t h i s  
problem.  It i s  c o n v e n i e n t  t o  c o n s i d e r  l o a d s  normal  t o  t h e  

c u m f e r e n t i a l  welds  ( ax ia l  s t ress )  s e p a r a t e l y .  
l m g i t u d i n a l  we lds  ( h o p  s t r e s s )  and l9ac?s n o r m a l  t o  t h e  C i Y -  

F i g u r e  1 i s  a s k e t c h  o f  t h e  S-I1 p r o p e l l a n t  t a n k s  
f o r  r e f e r e n c e .  
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11. L O N G I T U D I N A L  WE:LDS 

F i g u r e  2 shows f l i g h t  s t ress  a c r o s s  t h e  l o n g i t u d i n a l  
w e l d s  as e q u i v a l e n t  i n t e r n a l  t a n k  p r e s s u r e  a t  s t a t i o n  326 
which i s  n e a r  t h e  bot tom o f  t h e  LH2 t a n k .  

By f a r  t h e  m a j o r  l o a d  c o n t r i b u t i o n  comes from t h e  
d i f f e r e n c e  between t h e  i n t e r n a l  u l l a g e  p r e s s u r e  and t h e  am- 
b i e n t  p r e s s u r e .  The t a n k  w i l l  be  p r e s s u r i z e d  a t  l i f t - o f f  t o  
36 p s i a  maximum ( 2 1 . 3  p s i g ) .  The re  w i l l  be  a 27 .5  - 2 9 . 5  
p s i g  v e n t  v a l v e  on S-11-3 ( 2 7 . 0  - 2 9 . 0  on S-11-4). Thus 
when t h e  a t m o s p h e r i c  p r e s s u r e  d r o p s  t o  6 . 5  p s i g  ( a b o u t  60 
s e c o n d s  a f t e r  l i f t - o f f )  t h e  v e n t  v a l v e  w i l l  s t a r t  t o  v e n t  
and m a i n t a i n  a maximum p r e s s u r e  o f  29 .5  p s i g  t o  t h e  end  o f  
S-IC b o o s t .  The h y d r a u l i c  head o f  t h e  l i q u i d  hydrogen  a t  
s t a t i o n  326 u n d e r  t h e  maximum a c c e l e r a t i o n  o f  4.15 g ' s  a t  
S-IC c u t o f f  i s  a b o u t  6 . 1  p s i a  which i n c r e a s e s  t h e  i n t e r n a l  
t a n k  p r e s s u r e  t o  a b o u t  35.6 p s i  n e a r  t h e  bo t tom o f  t h e  LH2 
t a n k .  The separate  e f f e c t s  o f  u l l a g e  p r e s s u r e  and ac-  
c e l e r a t i o n  head are  shown i n  F i g u r e  2 .  Note t h a t  t h e  pre-  
s e n t  35 p s i g  room t e m p e r a t u r e  pneumosta t  t e s t  e x c e e d s  f l i g h t  
l o a d s  f o r  a l l  b u t  a s h o r t  t i m e  n e a r  S-IC c u t o f f .  

L o n g i t u d i n a l  loads can  be r educed  by  (1) e a r l y  S-IC 
c u t o f f  and ( 2 )  by  a r e d u c t i o n  i n  S-I1 LH2 t a n k  u l l a g e  pres-  
s u r e .  The f i r s t  p o s s i b i l i t y  can  s i g n i f i c a n t l y  a f f e c t  pay- 
l o a d  c a p a b i l i t y ,  w h i l e  s-I1 LH2 t a n k  u l l a g e  p r e s s u r e  r e d u c -  
t i o n s  a f f e c t  t h e  s t a r t  c a p a b i l i t y  o f  t he  5-2 e n g i n e s  f o r  
t h e  S - I1  b o o s t  phase  o f  f l i g h t .  The 5-2  e n g i n e  s t a r t  capa-  
b i l i t y  on t h e  low s i d e  o f  t h e  v e n t  r a n g e  ( 2 7 . 5  p s i g  f o r  
S-11-3) has been  v e r i f i e d .  Tests  are i n  p r o g r e s s  a t  AEDC 
to c o n f i r m  t h e  s t a r t  c a p a b i l i t y  a t  27.0 p s i g  ( f o r  S-11-4) .  
It i s  s t i l l  n o t  c l e a r  i f  t hese  t e s t s  w i l l  c o n f i r m  a l o w e r  
v a l u e .  

111. CIRCUMFERENTIAL WELDS 

F l i g h t  l o a d s  on c i r c u m f e r e n t i a l  welds are more com- 
p l e x  and  l e s s  p r e d i c t a b l e  t h a n  t h e  l o a d s  on t h e  l o n g i t u d i n a l  

f l i g h t  l o a d s  are shown as  e q u i v a l e n t  i n t e r n a l  t a n k  p r e s s u r e s .  
!A?PlC?S. This C 1 E  h e  seen from figl-lre 3 where c i r c u m f e r e n t i a l  

The d i f f e r e n c e  i n  u l l a g e  and ambient  p r e s s u r e  a g a i n  
P r o d u c e s  a ma jo r  p o r t i o n  of  t h e  c i r c u m f e r e n t i a l  l o a d .  The 
a x i a l  compress ion  due t o  v e h i c l e  a c c e l e r a t i o n ,  however ,  re- 
d u c e s  c i r c u m f e r e n t i a l  t e n s i l e  l o a d i n g .  The b e n d i n g  moment 
a t  maximum q a  p roduces  ( a n  a d d i t i v e )  t e n s i l e  load  on one  
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s i d e  o f  t h e  v e h i c l e  which i s  e q u i v a l e n t  t o  an i n t e r n a l  t a n k  
p r e s s u r e  i n c r e a s e  o f  2 1  p s i g  based  on d e s i g n  v a l u e s .  From 
t h e  t o t a l  l o a d  c u r v e s  and t h e  room t e m p e r a t u r e  p roof  t e s t ,  
w e  see t h a t  t h e  f l i g h t  l o a d s  can  be  g r e a t e r  t h a n  p r o o f  t e s t  
l o a d s  d u r i n g  t h e  maximum qa p o r t i o n  o f  f l i g h t  b u t  t h i s  i s  
h i g h l y  dependent  on t h e  p e r c e n t a g e  of  d e s i g n  wind l o a d s  
c o n s i d e r e d  . 

The S a t u r n  V d e s i g n  wind i s  a s y n t h e t i c  p r o f i l e  
b a s e d  on a 9 5  p e r c e n t i l e  w i n d i e s t  month o m n i d i r e c t i o n a l  wind 
o f  75 m/sec w i t h  99 p e r c e n t i l e  wind shears and g u s t s .  The 
d e s i g n  l o a d s  were p roduced  by o r i e n t i n g  t h i s  75 m/sec wind 
i n  t h e  yaw p l a n e  t o  o b t a i n  t h e  maximum s t r u c t u r a l  l o a d s .  
T h i s  p roduced  a maximum bending  moment on t h e  S - I1  LH2 t a n k  
c i r c u m f e r e n t i a l  welds o f  254  x lo6 i n  l b  a t  s t a t i o n  3 2 6 .  

Recent  c a l c u l a t i o n s  by The Boeing  Company 1,2 in 
which t h e  s y n t h e t i c  wind p r o f i l e  was n o t  o m n i d i r e c t i o n a l  
b u t  f o l l o w e d  t h e  KSC wind r o s e  have p roduced  wind l o a d s  o n l y  
72% o f  d e s i g n .  However, t h e  u s e  o f  t h e  s y n t h e t i c  p r o f i l e  
s t i l i  o v e r e s t i m a t e s  t h e  l o a d s  g e n e r a t e d  by t y p i c a l  wind 
s o u n d i n g s .  F u r t h e r ,  t h e  use o f  a n n u a l  wind da t a  does  n o t  
show t h e  f u l l  l o a d  r e d u c t i o n  b e n e f i t  a c h i e v e d  by t h e  

u s e  o f  a wind b iased  t r a , i e c t o r y .  The " e x p e c t e d  wind" 
c u r v e  o f  F i g u r e  3 i s  a n  estimate o f  these  c o n s e r v a t i s m s .  
If t h i s  c u r v e  l i e s  below 61% o f  t h e  d e s i g n  wind c u r v e ,  t h e  
p r o o f  t e s t  r e q u i r e m e n t s  o f  t h e  c i r c u m f e r e n t i a l  we lds  a re  
l e s s  t h a n  t h o s e  o f  t h e  l o n g i t u d i n a l  w e l d s .  That  i s ,  t h e  
c i r c u m f e r e n t i a l  welds  can  be i g n o r e d  and t h e  p a r a m e t e r s  o f  
a c r y o g e n i c  p r o o f  t e s t  can  b e  based on l o n g i t u d i n a l  weld 
c o n s i d e r a t i o n s .  

3 

I V .  C R Y O G E N I C  PROOF TESTING 

The comments o f  t h e  p r e v i o u s  s e c t i o n s  bea r  d i r e c t l y  
on t h e  f e a s i b i l i t y  o f  a c r y o g e n i c  p r o o f  t e s t  o f  t h e  S - I1  LH2 
t a n k .  The d e s i g n  pa rame te r s  o f  such  a t e s t  are  d i s c u s s e d  i n  
t h i s  s e c t i o n .  

- r 'or  a ground Lesi i o  Lr .uiy p roof '  a stage f ' u r  T i i g i i t  
l o a d s  i t  must n o t  o n l y  apply  t h e  f l i g h t  s t ress  l e v e l s  b u t  
e v e n  exceed  them by a s u f f i c i e n t  amount t o  a l l o w  f o r  flaw 
growth  from c y c l i c  a n d / o r  s u s t a i n e d  s t r e s s  from t h e  t i m e  o f  
t h e  ground "p roof"  t e s t  up t o  and i n c l u d i n g  f l i g h t .  
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The p roof  t e s t  c r i t e r i a  u sed  f o r  t h e  S a t u r n  V l a u n c h  
v e h i c l e  p r o p e l l a n t  t a n k s  has  been5  : 
Paren t  Metal : 

p r o o f  s t r e s s  = 1 .05  x f l i g h t  s t r e s s  b u t  n o t  t o  
exceed  0 . 9 5  x y i e l d  s t r e s s  

Weld Metal: 

u l t i m a t e  f a c t o r  o f  s a f e t y  d u r i n g  p r o o f  - > 1 . 2 0  

I T  SHOULD BE EMPHASIZED THAT N O  DATA EXIST ON S - I1  WELDMENT 
SUSTAINED--STRESS FLAW GROWTH AND VERY LITTLE DATA EXIST O N  
C Y C L I C  FLAW GROWTH. A 1.05 PROOF FACTOR APPEARS ADEQUATE 
BUT FURTHER DATA ARE NEEDED TO FIRM UP THIS NUMBER. 

A .  L o n g i t u d i n a l  Welds 

To s a t i s f y  t h e  1 . 0 5  x maximum f l i g h t  s t r e s s  on t h e  
l o n g l t u d i n a l  welds  would r e q u i r e  a p r o o f  p r e s s u r e  o f  35 .8  
p s i g  d e r i v e d  as f o l l o w s :  

Max. f l i g h t  l o a d  a t  s t a t i o n  326  
( e q u i v a l e n t  t a n k  p r e s s u r e )  

P roof  f a c t o r  
P roof  p r e s s u r e  a t  s t a t i o n  326  
S t a t i c  head  o f  LH2 unde r  l g  
(902-326)  x ( . 0 0 2 5 4 )  x ( 1 . g )  

Requ i red  u l l a g e  p r e s s u r e  

B .  C i r c u m f e r e n t i a l  Welds 

3 5 . 6  
x 1 . 0 5  

3 7 . 3 0  

- 1 . 5 0  

35.80 p s i g .  

Us ing  t h e  Boeing p r e d i c t e d ’  c i r c u m f e r e n t i a l  l o a d s ,  
a p roof  p r e s s u r e  of 38 .2  p s i g  i s  r e q u i r e d  as shown below: 

Max. f l i g h t  l o a d  a t  s t a t i o n  326 

P r o o f  f a c t o r  x 1 . 0 5  
Requ i red  u l l a g e  p r e s s u r e  38.20 p s i g  

( e q u i v a l e n t  t ank  p r e s s u r e )  3 6 . 4  

Note t h a t  a s i g n i f i c a n t l y  h i g h e r  p r e s s u r e  i s  r e q u i r e d  
t o  p r o o f  t h e  c i r c u m f e r e n t i a l  welds  ( 3 8 . 2  p s i g )  t h a n  t h e  l o n g i -  
t u d i n a l  welds  ( 3 5 . 8  p s i g )  i f  t h e  Boeing  wind l o a d  p r e d i c t i o n s  
a r e  u s e d .  
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C .  S t a g e  C a p a b i l i t y  

S i n c e  t h e  S - I 1  s t a g e  d e s i g n  i s  based on c r y o g e n i c  
s t r e n g t h e n i n g ,  i t  i s  p e r t i n e n t  to f i r s t  l o o k  a t  what p r e s s u r e s  
a r e  a t t a i n a b l e  i n  t h e  S-I1 LH t a n k  w i t h o u t  v i o l a t i n g  t h e  
p r e v i o u s l y  s t a t e d  p r o o f  t e s t  c r i t e r i a .  

2 

Aluminum a l l o y  2014-T6  i s  a b o u t  35% s t r o n g e r  a t  
-423OF t h a n  a t  room t e m p e r a t u r e ;  t h e  weldments are  a b o u t  2 7 %  
s t r o n g e r .  I f  a c r y o g e n i c  p roof  t e s t  i s  pe r fo rmed  w i t h  t h e  
LH2 t a n k  f i l l e d  w i t h  l i q u i d  hydrogen to s t a t i o n  9 0 2  ( s ee  
F i g u r e  1) t h e  e n t i r e  LH2 t a n k  below s t a t i o n  902 w i l l  b e  

w e t t e d  w i t h  LH2 and t h e r e f o r e  a t  -423OF. 
dome o f  t h e  LH2 t a n k  w i l l  b e  s i g n i f i c a n t l y  w a r m e r  t h a n  -423OF. 
Thus t h e  t e m p e r a t u r e  t h a t  can be m a i n t a i n e d  i n  t h e  fo rward  
dome w i l l  gove rn  t h e  a l l o w a b l e  p r e s s u r e  i n  t h e  LH2 t a n k  d u r i n g  
s u c h  a t e s t .  

Only t h e  f o r w a r d  

F i g u r e  4 shows t h e  v a r i o u s  p r o o f  t e s t  d e s i g n  p a r a -  
meters. The two s o l i d  cu rves  r e p r e s e n t  t h e  two p r e v i o u s l y  
s t a t e d  c r i t e r i a  f o r  we lds  and p a r e n t  metal .  Note t h a t  f o r  
a l l  t e m p e r a t u r e s  t h e  p a r e n t  metal  y i e l d  c r i t e r i o n  i s  m o r e ,  
s e v e r e  t h a n  t h e  weld u l t i m a t e  f a c t o r  o f  s a f e t y  c r i t e r i o n .  
T h a t  i s ,  f o r  a g i v e n  t e m p e r a t u r e ,  t h e  y i e l d  c r i t e r i o n  demands 
a lower  p r e s s u r e  t h a n  t h e  weld u l t i m a t e  f a c t o r  o f  s a f e t y  
c r i t e r i o n .  

D .  P roo f  Tes t  P a r a m e t e r s  

Due t o  h i g h e r  r i s k s  a s s o c i a t e d  w i t h  a c r y o g e n i c  p r o o f  
t e s t  from a p r o c e d u r a l  p o i n t  o f  v iew,  a new c r i t e r i o n  h a s  
b e e n  c o n s i d e r e d  t o  m a i n t a i n  a 1 . 2  u l t i m a t e  f a c t o r  o f  s a f e t y  i n  
t h e  p a r e n t  metal .  Applying t h i s  c r i t e r i o n  t o  t h e  p a r e n t  metal  
i n  t h e  fo rward  dome o f  t h e  LH2 t a n k  p r o d u c e s  t h e  dashed  c u r v e  
o f  f i g u r e  4 .  Above -360OF t h i s  i s  t h e  most s e v e r e  c r i t e r i o n .  
Below -360OF t h e  p a r e n t  me ta l  y i e l d  c r i t e r i o n  i s  more s e v e r e .  

Tempera tu res  i n  t h e  fo rward  dome may b e  as h i g h  as 
T- - 2 i u c F  u s i n g  p r e s e n t  equiprr ier i i  a i  XTF. neceiit t e s t s  oii S-11-4 

a t  MTF measured -240OF i n  t h e  fo rward  dome o f  t h e  S-I1 LH2 

t a n k  when f i l l e d  t o  s t a t i o n  902  w i t h  l i q u i d  hydrogen .  To 
g u a r a n t e e  t e m p e r a t u r e  lower t h a n  t h i s  r a n g e  would r e q u i r e  
a d d i t i o n a l  equipment  ( h e a t  e x c h a n g e r s )  a t  MTF. 
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R u l i n g  o u t  t e m p e r a t u r e s  below t h e  -210’F t o  -24O0F 
r a n g e ,  we s e e  from f i g u r e  4 t h a t  i f  t h e  p a r e n t  metal  u l t i m a t e  
f a c t o r  o f  s a f e t y  i s  to b e  m a i n t a i n e d  a t  or above 1 . 2 ,  t h e  
maximum a l l o w a b l e  p r e s s u r e  would be 37 .2  p s i g .  Allowing 1 . 5  
p s i g  f o r  u n c e r t a i n t y  i n  v e n t  v a l v e  c r a c k i n g  p r e s s u r e s  and i n -  
s t r u m e n t a t i o n  t o l e r a n c e s ,  a c r y o g e n i c  p r o o f  t e s t  c a n  b e  r u n  
t h a t  g u a r a n t e e s  a p r e s s u r e  o f  3 5 . 7  p s i g .  T h i s  i s  o n l y  .1 
p s i g  l e s s  t h a n  t h e  c a l c u l a t e d  v a l u e  n e c e s s a r y  t o  p r o o f  t h e  
l o n g i t u d i n a l  w e l d s .  If t h e  u l l a g e  p r e s s u r e  a t  t h e  end o f  S-IC 
b o o s t  i s  n e a r  t h e  resea t  v a l u e  o f  t h e  v e n t  v a l v e  ( r a t h e r  
t h a n  a t  t h e  maximum v a l u e  used t o  c a l c u l a t e  a c r y o g e n i c  p r o o f  
p r e s s u r e  of 35 .8  p s i g )  t h e  35 .7  p s i g  c r y o g e n i c  p r o o f  t e s t  
s h o u l d  be  adequate t o  p r o o f  t h e  l o n g i t u d i n a l  welas t o  a mini -  
mum o f  1 . 0 5  x (max. f l i g h t  l o a d s ) .  

Note t h a t  t h e  c u r r e n t  35 p s i g  room t e m p e r a t u r e  p r o o f  
t e s t  p roduces  95% o f  y i e l d  and a 1 . 1 9  p a r e n t  metal u l t i m a t e  
f a c t o r  o f  s a f e t y .  From a c o n v e n t i o n a l  s t r e n g t h  o f  mater ia l s  
p o i n t  o f  view, t h e  room t e m p e r a t u r e  t e s t  i s  more haza rdous  
t h a n  t h e  p roposed  c r y o g e n i c  t e s t !  

A p r o o f  t e s t  t o  35.7 p s i g  w i l l  o n l y  p r o o f  t h e  circum- 
f e r e n t i a l  welds t o  61% o f  d e s i g n  l o a d s  01’ t o  85% o f  t h e  
B o e i n g - p r e d i c t e d  l o a d s .  A d d i t i o n a l  u l l a g e  p r e s s u r e  r e d u c t i o n s  
o f  2 . 4  p s i g  would be  n e c e s s a r y  t o  i n c l u d e  t h e  Boeing p r e -  
d i c t e d  wind l o a d s  w i t h i n  t h e  3 5 . 7  p s i g  c r y o g e n i c  p r o o f  t e s t .  
T h i s  would mean t h a t  t h e  J - 2  e n g i n e  must s t a r t  a t  a p r e s s u r e  
as low as 2 5 . 1  p s i a  ( 2 7 . 5  - 2 . 4  = 2 5 . 1  p s i a ) .  It i s  more 
r e a s o n a b l e  t o  e x p e c t  l ess  t h a n  6 1 %  o f  d e s i g n  l o a d s  due t o  
t h e  c o n s e r v a t i s m  s t i l l  r ema in ing  i n  t h e  Boeing p r e d i c t e d  

maximum l o a d s .  T h i s  does  n o t  , however ,  deny t h e  f a c t  t h a t  
a d d i t i o n a l  u l l a g e  p r e s s u r e  r e d u c t i o n s  i n c r e a s e  t h e  s t r u c t u r a l  
marg in  o f  s a f e t y  o f  t h e  S-I1 LH2 t a n k .  

V.  SUMMARY 

An LH p r o o f  t e s t  t o  35 .7  p s i g  a p p e a r s  r e a s o n a b l e  2 
f rom t h e  t e s t  p a r a m e t e r s .  The adequacy (or p e d i g r e e )  o f  such  
a t e s t  depend on a d d i t i o n a l  da ta  which i n c l u d e :  

1. S u s t a i n e d  s t r e s s  and c y c l i c  f l aw  growth  data  o f  
2014-T6 aluminum weldments ,  

2 .  R e a l i s t i c  p r e d i c t i o n  o f  uppe r  bound wind l o a d s ,  

3 .  Minimum NPSH r e q u i r e m e n t s  f o r  J - 2  e n g i n e  s t a r t .  
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The status of item 1 is unknown. Item 2 is currently 
under intensive investigati~n.~ 
data necessary f o r  item 3 have been 
actual planning is not known. 

Tests at A E D C  to provide 
b u t  the 

2 0 31-REH-mch 
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